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VEGETATIONANDSOIL ZONATIONASSOCIATEDWITH
JUNIPERUSPINCHOTII SUDW.TREES

Guy R. McPherson', G. Allen Rasmussen", David B. Wester', and Robert A. Masters^

Abstract —Herbaceous vegetation pattern and soil properties around individual /Kniperus pinchotii Sudw. trees

were studied on a grazed and a relict grassland in western Texas. Herb standing crop and soil samples were obtained

under the canopy, at canopy edge, and beyond the canopy edge of three to five trees on each of four dates. Standing

crop was lowest midway between the bole and canopy edge. Soil organic matter was highest under juniper canopies on

both sites. Soil pH and P were not related to distance from tree bole on either site. Herbaceous pattern from under the

canopy to canopy edge apparently depended primarily on individual tree size. However, trees had little influence on

herbaceous vegetation pattern 3-5 mbeyond canopy edge, a response attributed to distance-independent interaction

between/, pinchotii and herbaceous vegetation. Given a shallow soil underlain by indurated caliche and tree densities

ranging from 288 (relict size) to 2123 (grazed site) trees/ha, the interaction between /. pinchotii and herbaceous

vegetation did not change over a distance of 3-5 mfrom tree canopy edge in our study area.
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competition.

Zones of herbaceous vegetation around

Juniperus trees have been reported for sev-

eral species in the western United States

(Arnold 1964, Clary 1973, Springfield 1976,

Everett et al. 1983, Schott and Pieper 1985).

The most commonly recognized vegetation

zones are: (1) under woody plant canopies,

-where Juniperus litter and shade alter micro-

environment; (2) in a transition zone, where

Juniperus roots compete with herbaceous

plants for water and nutrients; and (3) in the

interstice between trees, where trees do not

influence herbaceous vegetation. In contrast,

a zonation pattern was not detected around

/. virginiana in Oklahoma (Engle et al. 1987)

or /. monospenna in New Mexico (Armen-

trout and Pieper 1988). In these studies,

herbaceous vegetation beyond tree canopies

did not change with increased distance from

trees.

Woody species influence soil properties

primarily by rooting and litterfall characteris-

tics (Earth 1980). Chemical constituents from

surrounding soil are taken up by tree roots

and concentrated in biomass. Litterfall trans-

fers much of this biomass to the area beneath

the canopy where it accumulates, and de-

composition releases chemical constituents to

vegetation pattern, soil nutrients, herhivorij, relic area.

the underlying soil. Soluble salts (Fireman

and Hayward 1952, Sharma and Tongway
1973), nitrogen and phosphorus (reviewed by
Tiedemann 1987), and zinc, iron, and magne-
sium (Hibbard 1940, Follett 1969, Earth 1980)

have been implicated in this process.

Juniperus pinchotii Sudw. (nomenclature

follows Correll and Johnston 1970), a sprout-

ing evergreen conifer commonly found on

limestone or gypseous soils, occupies about

2.4 million ha of rangeland in western and

central Texas (Adams 1972). Throughout its

range, /. pinchotii migrated quickly onto

prairies during the expansion of the cattle

industry (1870-1920) (Hall and Carr 1968,

Adams 1975). Western Texas populations of

J. pinchotii previously restricted to buttes

and escaqDments have subsequently expanded

into adjacent grasslands and have become a

major vegetation component (Ellis and Schus-

ter 1968). The primary objective of this study

was to determine the effects of individual

Juniperus pincliotii trees on herbaceous vege-

tation and soil properties at a grazed and a

relict site in western Te.xas.

Study Areas

Two western Texas study sites were used.
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Flattop Mountain, an isolated bntte 1 1 km
northwest ofSnyder(l()l°l()'W, 33°()()'N), has

not been grazed by hvestoek but is aeeessible

to wildhfe speeies and supports rehet ve,u;eta-

tion (MePherson 1987). Nine km southeast ol

the butte is an area with eonsiderable historie

grazing pressure. The grazed site is eontigu-

ous with the Lhuio Estacado High Plains; the

relict site is a High Plains outlier (Brown and

Schuster 1969). Average annual precipitation

is 472 mm(Di.xon 1975). Dominant soil on

both sites is a shallow (about 50 cm) clay loam

of the Lea-Slaughter complex (fine-loamy,

mixed, thermic Petrocalcic Paleustolls and

clayev, mixed, thermic, shallow Petrocalcic

Paleustolls) (Dixon et al. 1973, Dixon 1975).

These sites represent environmental settings

whose primary extrinsic difference is domes-

tic livestock grazing. The sites may also have

intrinsic soil differences.

Methods

On each site, 20 Jitnipcrus plants were
selected randomly, except for the require-

ments that they were (1) beyond the shading

influence of other junipers; (2) between 1.0

and 4.0 m tall; and (3) at least 5 mfrom roads,

shallow soil (gravel present at surface), or visi-

bly disturbed areas. Standing crop of herba-

ceous vegetation was estimated around three

to five randomly selected trees on each site

in July (corresponding to peak standing crop)

and October (to assess autumn productivity)

1984 and 1985, years in which study sites

received 42 and 96% of long-term growing

season precipitation (420 mm), respectively

(MePherson 1987). Transects were estab-

lished in the cardinal directions from the

stem, ending 3 m beyond the canopy edge.

Rectangular quadrats (0. 10 m') were located

at midpoint between canopy edge and stem

(location 1), at canopy edge (location 2), and
at 1.0-m intervals beyond the canopy edge
(locations 3-5). Two quadrats were randomly
located along each of 10 randomly located 5-m
permanent transects in the interstice between
trees (at least 5 m from nearest Juniperus

plant; location I). Standing crop in quadrats

was harvested to a 2.5-cm stubble height and
separated by species. Herbage samples weie
oven-dried at 60 C for 48 h and weighed.

Two complete soil horizons were exposed

and profiles described to the depth of indu-

rated caliche on each site (MePherson 1987).

Soil samples were collected from the 0- 10-cm
soil layer halfway between bole and canopy
edge, at canopy edge, and at 1, 2, and 3 m
along a southward transect from five randomly
selected trees on each site in May 1986. De-
termination of calcium carbonate ecjuivalent

followed l^ichards (1954); organic matter con-

tent (OM) was determined by wet digestion

(Prince 1955). Samples were analyzed for

nitrogen (N), potassium (K), phosphorus
(P), exchangeable calcium (Ca), sodium (Na),

and magnesium (Mg) following Onken et al.

(1980). Soluble salt and pH determination

followed McLean (1982).

Species occurring with less than 5% fre-

(^uency on all sites and dates were removed
from the data set (Gauch 1982), leaving 57

species for subsequent analyses. Standing

crop values were log transformed (Steel and
Torrie 1980). Analysis of variance, Fisher's

protected LSD, and reciprocal averaging

ordination (RA) were used to analyze the

effect oi Juniperus trees on herbaceous vege-

tation and soil properties. Variability from

tree to tree was taken into account by consid-

ering trees as blocks in a randomized com-
plete block design in the analysis of variance.

The "treatment eflfect" in this analysis was
quadrat distance from tree bole.

Results

Herbaceous Vegetation

Strong interactions (P < .01) between tree

(block) and (quadrat distance from tree (treat-

ment) were exhibited by 56 of 57 species on all

dates and sites (a tree- x -distance interaction

was not present [P > .05] for Bouteloua cur-

tipendula [Michx.] Torr. on the relict site on

any date). Tree- x -distance interactions were
also exhibited by plant guilds (cool-season

grasses, warm-season grasses, forbs) and for

total standing crop.

With only one grazed site and one relict

site, it is not possible to statistically test the

effect of site. Within a site, apparent differ-

ences in aboveground biomass between years

(Table 1) were attributable to differences in

precipitation (about twice as great in 1985 as

1984). (For elaboration of site and year effects

on herbaceous production, see MePherson
and Wright 1990.) However, vegetation com-
position within each site was similar on all

sampling dates (Table 1). Ordination results



318 Great Basin Naturalist [Volume 51

Table 1. Standing crop (g/m^) of selected herbaceous species on grazed and relict grassland at six locations around

Junipcrus piiichotii trees in western Texas, July and October 1984 and 1985 (each number is mean of four cardinal

directions and three to five trees).
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Fig. 1. Reciprocal averaging quadrat ordination

around /uniperus pinchotii Sudw. trees on grazed (bold

type) and relict (normal type) semiarid grasslands. Loca-

tion 1 is at midpoint between tree bole and canopy edge;

location 2 is at canopy edge; and locations 3, 4, and 5 are 1,

2, and 3 mfrom canopy edge, respectively. Location I is

in interstice between trees.

between quadrats under the tree and those

beyond the canopy edge.

Ordination of all trees on the relict site

(Fig. 2) and the grazed site (Fig. 3) reflects

community-level analyses. On both sites, a.xis

I reflected a distance gradient from tree bole

to interstice. Quadrats under the canopy and

at canopy edge were assigned negative first

axis ordination scores, whereas other quadrat

locations were generally assigned positive

scores. Additionally, quadrats at locations 3-5

were ordinated together with (quadrats from

the interstitial zone. Axis II reflected tree-

to-tree variation. Small trees (height, stem

diameter, and crown volume) were ordinated

more positively on this axis than were large

trees (data not shown). Ordinations did not

indicate any effect of compass direction on

herb response.

Ordination of a single tree on each site

further elucidated the tree's influence on

herbaceous vegetation beneath the canopy

(Figs. 4, 5; in each case, axis III was plotted

against axis I to reduce arch distortion associ-

ated with the plot of axes I and II). The ordina-

tion revealed that quadrats imder the tree

(location 1) were readily distinguishable from

remaining quadrats. Quadrats 1, 2, and 3 m

1
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Fig. 4. Reciprocal averaging ordination around ajtini-

pertis pincliotii Siidw. tree on a relict semiarid grassland.

Location 1 is at midpoint between tree bole and canopy

edge; location 2 is at canopy edge; and locations 3, 4, and 5

are 1, 2, and 3 mfrom canopy edge, respectively.

Organic matter was higher (F < .05) under
trees than at or beyond canopy edge on both

sites (Table 2). Potassium and sahnity were
shghtly higher at the edge of the canopy than

at other locations on the relict site. Other soil

properties were unaffected by distance from

tree bole.

Discussion

These data indicate that site differences

reflecting differences in environment and
possibly grazing history had a relatively large

impact on soils and herbaceous vegetation.

Although parent material and physical envi-

ronment appeared similar for the two sites,

these sites may have differed with respect to

localized precipitation patterns or geochemi-

cal processes. It is also noteworthy that these

two study areas have different histories with

respect to livestock grazing. Livestock grazing

can influence these soil properties (White-

head 1970, Kleiner and Harper 1972, Bauer
et al. 1987).

Our data indicate that J. pinchotii trees

had minimal impact on most soil properties,

results which differ markedly from those

reported iorjuniperiis species in the western

U.S. (for a review see Tiedemann 1987). For
example, Barth (1980), Thran and Everett

32 t

3

Fig. 5. Reciprocal averaging ordination around djuni-

pcnis pinchotii Sudw. tree on a grazed semiarid grass-

land. Location 1 is at midpoint between tree bole and
canopy edge; location 2 is at canopy edge; and locations 3,

4, and 5 are I, 2, and 3 mfrom canopy edge, respectively.

(1987), and Klopatek (1987) found 1.5-5.5

times more soil N under pinyon or juniper

trees than in interstices. Concentrations

of soil P, K, Mg, Ca, and Na followed

similar patterns. However, Brotherson and
Osayande (1980) reported no differences in

P or cations and only a slight difference in

N (0.049 vs. 0.044%) under /. osteosperma

trees and in open areas. Mean soil N was
0.015% in our study area, which is probably

growth-limiting. Tiedemann (1987) indicated

that 0.05-0.5% total N is sufficient for grass-

land and shrubland soils. Differences in soil

organic matter at different distances from

the bole probably resulted from deposition

and subsequent decomposition of Junipenis

foliage.

Herbs in location 1 and, to a lesser extent,

location 2, were protected from grazing by
Jiinipenis trees. Jiiniperus pinchotii is a

closed-canopy species that does not self-

prune lower branches. This growth form

offers protection from grazing under cano-

pies. At each site, /. pinchotii had little influ-

ence on herbaceous vegetation or soil proper-

ties beyond the tree crown. Our results

indicate less tree influence on herbaceous

vegetation than commonly reported for

Juniperiis species in the western U.S. That

there was no discernible pattern in herba-

ceous vegetation 1-3 m past the tree canopy
and beyond into the interstitial zone does
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Table 2. Soil properties of grazed and relict grassland at five locations around Junipcrus pinchotii trees in

western Texas.

Soil

property
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(see Fowler [1986] for a review). Wesuggest

that herbaceous zouatiou beyoud the tree

eauopy is more hkely to develop around west-

ern jimipers in drier environments (e.g.,

J. osteosperma in Everett et al. 1983) than

around eastern junipers in more mesic envi-

ronments (e.g., J. virginiana in Engle et al.

1987) because limiting moisture in the foriuer

setting intensifies species interactions. Super-

imposed on this "environmental effect is the

influence of herbaceous species composition

(e.g., Armentrout and Pieper 1988). This

interpretation is consistent with the observa-

tion that ] . pinchotii is a stabilized hybrid

between two western junipers (J. dcppeana

and/, monospenna) {Hall 1963, Hall and Carr

1968, Adams 1972, 1975) which, by virtue of

its increasing density in western and central

Texas grasslands, is evidently well adapted to

a moisture regime more favorable than that

experienced by its progenitors.

It is noteworthy that effects of/, pinchotii

on herbaceous vegetation pattern were recog-

nizable at several scales (landscape, commu-
nity, and individual tree). Arnold (1964) first

described herbaceous vegetation patterns

dround J u nip er us using a single tree. Subse-

quent research (e.g., Clary 1973, Springfield

1976, Everett et al. 1983, Schott and Pieper

1985) increased the sample size but still

focused on the impact of individual trees

on herbaceous vegetation patterns. Our study

indicates that patterns detectable at the level

of individual trees may also be identified at

much larger scales.

Acknowledgments

We thank Sheila Merrigan, Colleen

Schreiber, and Jeff" Mosley for their assis-

tance with data collection. Mykal Ryan
assisted with data entry. This study is a

contribution of the College of Agricultural

Sciences, Texas Tech University, Publication

Number T-9-570.

Literature Cited

Adams, R P. 1972. Chemosysteniatic and numerical stud-

ies of natural populations oi Juniperus pinchotii

Sudw.Taxon 21: 407-427.

1975. Numerical-chemosystematic studies of in-

traspecific variation in Juniperus pinchotii. Bio-

chemical Systematics and Ecology 3: 71-74.

Au.MKNTHOi'T, S M andR I) PiKi'KH 1988. Plant distri-

bution surrounding Rocky Moimtain pinyon pine

and one seed juniper in south-central New Mex-
ico. Journal of Ranj!;e Management 41: 139-143.

AnNoi.l). J. F. 1964. Zonation of understory vegetation

around a jimi]ier tree. Journal of Range Manage-
ment 17:41-42.

iiAHTll, R G 1980. Inilueni-e of i^inyon pine trees on soil

chemical and physical properties. Soil Science

Society of America Journal 44: 112-114.

Baukr. a., C. V CoLK, ANDA L. Black 1987. Soil prop-

erty comparisons in virgin grasslands between
grazed and nongrazed management systems. Soil

Science Society of America Journal 51: 176-182.

Bkotiikr.son. J. D.. AND S. T. OsAYANDE. 1980. Mineral

concentrations in true mountain mahogany and
Utah juniper, and in associated soils. Journal of

Range Management 33: 182-185.

Brown.J. W, andJ. L. Schuster. 1969. Effects of grazing

on a hardland site in the southern High Plains.

Journal of Range Management 22: 418-423.

Clary, WP 1973. Effects of Utah juniper removal on

herbage yields from Springerville soils. Journal of

Range Management 24: 373-378.

CoRRELL, D. S., AND M. S JoHNSTON 1970. Manual of

the vascular plants of Texas. Texas Research Foun-
dation, Renner, Texas. 1881 pp.

Dixon, M L 1975. Soil survey of Borden County, Texas.

USDA Soil Conservation Service, Washington,

D.C. 68 pp.

Dixon, M L , WH Dittemore, and H WHyde 1973.

Soil survey of Scurry County, Texas. USDASoil

Conservation Service, Washington, D.C. 56 pp.
Ellis, D , and J. L. Schuster. 1968. Juniper age and

distribution on an isolated butte in Garza County,

Texas. Southwestern Naturalist 13:343-.348.

Engle, D. M., J. F. Stritcke, and P L. Claypool. 1987.

Herbage standing crop around eastern redcedar

trees. Journal of Range Management 40: 237-239.

Everett, R,L.,S.H.Sharrow, and R.O. Meeuwig. 1983.

Pinyon-juniper woodland understory distribution

pattern and species associations. Bulletin of the

Torrey Botanical Club 110:454-463.

Fireman, M. and H. E. Hayward. 1952. Indicator signifi-

cance of some shrubs in the Escalante Desert,

Utah. Botanical Gazette 114: 143-155.

FOLLEiT, R H 1969. Zn, Fe, Mn, and Cu in Colorado

soils, llnpublished dissertation, Colorado State

University, Fort Collins. 138 pp.

Fowler, N. L. 1986. The role of competition in plant

communities in arid and semiarid regions. Annual
Review of Ecology and Systematics 17: 89-110.

Gauch, H. G. 1982. Multivariate analysis in community
ecologv. Cambridge University Press, NewYork.

298 pp.

Hall, M. T. 1963. Variation and hybridization in Juni-

perus. Annals of the Missouri Botanical Garden
39:1-64.

Hall, M T, andC. J Carr. 1968. Variability in Juniperus
in the Palo Duro Canyon of west Texas. South-

western Naturalist 13:75-98.

Hibbard, p. L. 1940. Accumulation of zinc in soils under
persistent vegetation. Soil Science 59:53-55.

JOHNSEN, T. N. 1962. One-seed juniper invasion of

northern Arizona grasslands. Ecological Mono-
graphs 32: 187-207.



324 Great Basin Naturalist [Volume 51

Kleiner, E F.. and K. T Hakper 1972. Environment

and conimunitv organization in grasslands of

Canyonlands National Park. Ecology 53:299-309.

Klopatek, J. M. 1987. Nutrient patterns and succession in

pinyon-juniper ecosystems of northern Arizona.

Pages 391-396 in R. L. Everett, compiler. Pro-

ceedings —Pinyon-juniper Conference. USDA
Forest Service Intermountain Experiment Sta-

tion General Technical Report INT-215, Ogden,

Utah. 581 pp.

McLean, E. O. 1982. Soil pH and lime recjuirement.

Pages 199-223 in A. L. Page, ed.. Methods of soil

analysis, part IL American Society of Agronomy,

Madison, Wisconsin. 1142 pp.

McPherson, G. R 1987. Plant interactions in redherry

juniper-mixed grass communities. Unpublished

dissertation, Texas Tech University, Lubbock.

87 pp.

McPherson, G. R., and H. A Wright 1990. Effects of

cattle grazing and Juniperiis pinchotii canopy

cover on herb cover and production in western

Texas. American Midland Naturalist 122:144-151.

McPherson, G R , H. A. Wright, and D B. Wester
1988. Patterns of shrub invasion in semiarid Texas

grasslands. American Midland Naturalist 120:

391-397.

Onken, a. B , R Matheson, and E J Whxiams 1980.

Evaluation of EDTA-extractable phosphorus as a

soil test procedure. Soil Science Society of Ameri-

can Journal 44:783-792.

Plummer, a. p. 1958. Restoration of juniper-pinyon

ranges in Utah. Pages 207-211 in Proceedings

—

Society of American Foresters 58th Annual Meet-

ing. Societv of American Foresters, Washington,

D.C. 215 pp.

Prince, A. L 1955. Methods in soil analysis. Pages

328-362 in F. E. Bear, ed.. Chemistry of the

soil. American Chemical Society Monograph 126.

373 pp.

Richards. L A., ed 1954. The diagnosis and improve-

ment of saline and alkali soils. LISDA Agriculture

Handbook No. 60, Washington, D.C. 160 pp.

SCHOTT, M R.. and R D. Pieper. 1985. Influence of

canopy characteristics of one-seed juniper on

understorv grasses. Journal of Range Management
38:328-331.

Sharma, M. L., and D. J. Tongway. 1973. Plant induced

soil salinity patterns in two saltbush (Atriplex sp.)

communities. Journal of Range Management
26:121-125.

Springeield. H W 1976. Characteristics and manage-

ment of southwestern pinyon-juniper ranges: the

status of our knowledge. USDAForest Service

Rocky Mountain Experiment Station Research

Paper RM-160, Fort Collins, Colorado. 32 pp.

Steel, R G. D., and J H Torrie 1980. Principles and

procedures of statistics: a biometrical approach.

2nd ed. McGraw-Hill Book Co., NewYork. 633 pp.

TiHiAN, D F.. and R. L. Everett. 1987. Sofl nutrient

changes following tree harvest. Pages 387-390

in R. L. Everett, compiler. Proceedings —Pinyon-

juniper Conference. USDAForest Service Inter-

mountain E.xperiment Station General Technical

Report INT-215, Ogden, Utah. 581 pp.

TiEDEMANN, A. R. 1987. Nutrient accumulations in

pinyon-juniper ecosystems —managing for future

site productivity. Pages 352-355 in R. L. Everett,

compiler. Proceedings —Pinyon-juniper Confer-

ence. USDA Forest Service Intermountain

Experiment Station General Technical Report

INT-215, Ogden, Utah. 581 pp.

Whitehead, D. C 1970. The role of nitrogen in grass-

land productivity. Commonwealth Agriculture

Bureau Bulletin 48. Farnham Royal, Bucks, En-

gland. 202 pp.

Received 20 March 1991

Accepted 5 August 1991


